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Abstract 
Properties of persistent spectral holes in the 4A2(F)ĺ4T1(P) transition in nanocrystalline (20-100 nm) powders and in single 
crystals of LiGa5O8:Co2+ have been investigated. It appears that for the investigated samples, the hole-burning efficiency is higher 
and spectral diffusion more pronounced in the nanocrystalline sample. Holes can efficiently be erased by exposure to 532 nm 
light but the 4A2(F)Å4T1(P) luminescence appears to be stable when excited at this wavelength. Results indicate that the hole-
burning mechanism is based on the presence of Co3+ ions which act as electron traps upon selective photoionization of the Co2+
ions.
© 2009 Elsevier B.V. 
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1. Introduction 
Optical properties of transition metal ions in lithium gallate, LiGa5O8 have been the topic of numerous 
publications over the years [1-3]. LiGa5O8:Co2+ exhibits interesting spectral-hole-burning features. In particular, 
transient spectral hole-burning, based on hyperfine level population storage, and photon-gated persistent hole-
burning have been reported for this system [4].  
Lithium gallate exhibits also peculiar structural features and exists in two polymorphs that are based on a close-
packed lattice of oxygen ions with tetrahedral and octahedral interstices [3]. At temperatures higher than 1138 oC,
the structure is disordered in the octahedral sites and forms an inverse-spinel system with a face-centered cubic unit 
cell with space group Fd3m. The room temperature structure displays 1:3 ordering of the lithium and trivalent ions 
along the [110] direction. The space group of the low temperature cubic primitive phase is P4132 [3].  
Co2+ ions replace some of the Ga3+ ions when doped into the lithium gallate host. Macfarlane et al. [4] and 
Donegan et al. [2] suggested that Co2+ ions can enter the crystal lattice in tetrahedral and octahedral sites. However, 
Macfarlane et al. presumed that the percentage of cobalt ions occupying octahedral sites is smaller than that for the 
tetrahedral sites [4]. The ground state of tetrahedrally coordinated Co2+ is 4A2(F) and the excited quartet states are 
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4T2(F), 4T1(F) and 4T1(P) [2,4]. The 4A2(F)ĺ4T1(P) transitions of the tetrahedral Co2+ sites are allowed and dominate 
the actual absorption spectrum [4].  
Hole-burning measurements were performed on the 4A2(F)ļ4T1(P) transition at 660 nm which has an 
inhomogeneous width of around 640 GHz in the nanocrystalline sample. The present article examines some 
properties of persistent spectral holes in nanocrystalline and single crystal LiGa5O8:Co2+.
2. Experimental 
Nanocrystalline LiGa5O8:Co2+ was readily obtained by a facile combustion reaction at 500-700 oC using the 
nitrate salts of lithium, gallium and cobalt, and urea as the fuel [3]. After the combustion, the pinkish color of the 
initial mixture turns to light blue due to the tetrahedral coordination of the Co2+ ions in the structure. The compound 
was calcined at 900 oC for around 14 hours to transform the nanocrystals to the ordered P4132 phase. Some samples 
were also co-doped with Sm3+. Single crystals of LiGa5O8:Co2+ were grown from flux (1 g B2O3, 6.3 g PbO and 3 g 
LiGa5O8:Co2+ powder). The mixture was first held at 1200 oC for 3 hours then cooled from 1200 oC to 25 oC with a 
rate of -0.1 oC/min. The concentration of Co2+ ions was 0.035 % and 0.45 % relative to Ga3+ for the single crystal 
and the nanocrystalline powder, respectively. 
Powder X-Ray diffraction (XRD) was conducted on a SietronicsSieRay 122D diffractometer equipped with a 
Phillips goniometer with Cu KĮ radiation Ȝ(average) = 1.5418 Å. The data was analyzed using the program MDI 
Jade 5.0 and the crystallite size was estimated using the Williamson-Hall formulae [6].  Luminescence spectra were 
measured by employing a Spex 1404 monochromator equipped with a 1200 gr/mm 750 nm blazed grating and a 
Hamamatsu E717-63 Photomultiplier. A 10 mW Nd:YAG laser was used as the excitation source and the signal was 
processed by a Stanford Research Systems SR810 DSP lock-in amplifier. For these experiments, a thin layer (290 
μm) of the sample was deposited on a sapphire window. Samples were cooled on the cold-finger of a closed-cycle 
refrigerator Janis/Sumitomo SHI-4.5.  
Hole-burning measurements were conducted on samples of nanocrystalline powders and single crystals of 
LiGa5O8:Co2+. Persistent spectral hole-burning was conducted with a single mode Hitachi HL6512MG (AlGaInP) 
diode laser with an output power of 35 mW. This laser was chosen based on its high responsivity to modulation and 
ease to tune around 6600 Å. Luminescence in the hole-burning experiments was detected by an avalanche Si 
photodiode through one long-pass filter (Omega  Millenium3RD690LP) transmitting beyond 690 nm and a band-
pass filter transmitting the wavelengths between 680-700 nm (Omega  Millenium3RD680-700BP). 
Reflection spectra were obtained by using an integration sphere in a Shimadzu UV-2400 spectrometer and the 
corresponding absorption spectra were derived using the Kubelka-Munk transformation.  
3. Results and Discussion 
Fig. 1, shows a powder XRD pattern of calcined nanocrystalline LiGa5O8:Co2+.
                                     Fig. 1. XRD pattern of LiGa5O8:Co2+                                                     Fig. 2. SEM picture of LiGa5O8
1548 B. Yildirim, H. Riesen / Physics Procedia 3 (2010) 1547–1551
 Yildirim and Riesen/ Physics Procedia 00 (2009) 000–000 3
From an analysis of this pattern, we deduce a lattice constant of a=8.206 Å which is slightly larger than the 8.203 
Å value for bulk LiGa5O8 as documented in the ICDD Card File No. 38-1371. From a linewidth analysis it also 
follows that the average particle size is about 30 nm. This figure is commensurate with the particle size of LiGa5O8
observed by Scanning Electron Microscopy (SEM). A representative SEM picture is displayed in Fig. 2, It appears 
that co-doping with Sm3+ results in a slight difference of the average crystallite size 
Luminescence spectra were accumulated at different temperatures starting from 2.7 K to 273 K as shown in Fig. 
3. The electronic origin of the 4A2(F)ĺ4T1(P) spin allowed luminescence of Co2+ at 660 nm is a very pronounced 
feature at 2.7 K line, but is hardly visible in the 100 K spectrum, indicating an increase in electron-phonon coupling 
with increasing temperature. The narrow luminescence line at 717 nm occurs due to Cr3+ which comes as a natural 
impurity of the gallium salt. 
Fig. 3. Temperature dependence of the luminescence spectrum of LiGa5O8:Co2+. The inserts show the room temperature absorption and 
reflection. 
In Fig. 4, spectral hole-burning kinetics of the 4A2(F)ĺ4T1(P) electronic origin in nanocrystalline LiGa5O8:Co2+
is presented. 
Fig. 4. Hole area as a function of burn fluence (continuously burning). Hole decay data is presented in the inset for a hole that was initially burnt 
with 48.9 mW/cm2 for 30 s, resulting in a total fluence of about 1.5 J/cm2.
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The hole decay (inset in Fig. 4) appears to be subject to dispersive first order kinetics; this kinetics is 
approximated by using a double exponential (y=0.44+0.32exp(0.002t)+0.59exp(0.027t)). About 50 % of the hole 
fills very quickly but the residual prevails for a long time, independent of input power. It appears that about 50 % of 
the photoionized electrons find their way back to the hole-burning centers quite rapidly; however the remaining 50 
% appear to be trapped in more stable and/or more distant centers in the crystal structure. The burn curve also fits 
well to a double exponential, indicating rapid initial burning followed by a slower rate.  
The reason that the kinetics is dispersive is due to the fact that the cobalt ions experience a distribution of 
environments; most likely the electron acceptor is a Co3+ ion; hence the hole-burning efficiency depends on the 
proximity of such ions (there will be a random distribution of distances). 
The effect of a temperature excursion on holes burnt into the nanocrystalline sample was also investigated as is 
illustrated in Fig. 5. It appears that the hole width is subject to pronounced temperature dependent spectral diffusion; 
the effect already occurs at 2.5 K as can be seen in the inset of Fig. 5, where the width of a hole is shown as a 
function of waiting time. In temperature excursion measurements, all readings were conducted under the same 
conditions. The curve is again fitted with a double exponential.  
Fig. 5. Effect of a temperature excursion on the hole width in nanocrystalline LiGa5O8:Co2+. The holes were burnt at 6.8 mW/cm2 with a total 
fluence of 0.8 J/cm2; the temperature was raised to a set value and then the sample is cooled back to 2.5 K; the hole is consistently remeasured 
900 s after the initial burn. The inset shows the change in hole width with time at 2.5 K.  
The same set of experiments was repeated for a (macroscopic) single crystal of LiGa5O8:Co2+ in order to be able 
to compare hole-burning properties. The change of the hole width with temperature and time is illustrated in Fig. 6. 
As in the case of the nanocrystalline samples, the curves were fitted with double exponentials. 
The holes are shallower and broader in the single crystal and the hole-burning efficiency appears to be much 
lower in comparison with our nanocrystalline sample. We note here that vastly different Co2+ concentrations were 
used in the two cases and the lower hole-burning efficiency in the single crystal indicates that Co3+ ions possibly act 
as the electron traps. Moreover, the hole decay is much slower in the single crystal case that is to say the holes are 
more stable. The temperature excursion data shown in Fig. 5 and Fig. 6 also illustrate that the nanocrystalline 
sample displays more pronounced spectral diffusion. 
Holes can be efficiently erased by applying 532 nm light from a Nd:YAG laser. Moreover, the luminescence 
intensity of Co2+ does not change upon exposure to light at this wavelength. These facts support the idea that Co3+
ions act as the electron traps in the hole-burning process. The 532 nm light non-selectively excites all Co2+ ions and 
hence may randomly redistribute the electrons amongst the cobalt ions. 
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Fig. 6. Effect of a temperature excursion on the hole width in single crystal LiGa5O8:Co2+. The holes were burnt for 30 s with a power of 0.8 
W/cm2, then the temperature was increased to different values up to 100 K and then remeasured at 2.5 K after a total time of 900 sec. The upper 
inset shows the change in hole width with waiting time at 2.5 K with a hole burnt initially for 15 s with 12 J/ cm2 fluence. The lower inset shows 
the hole width as a function of burn time with 0.8 W/cm2 laser light. 
4. Conclusion  
Some spectral hole-burning properties of the 4A2(F)ĺ4T1(P) transitions in nanocrystalline and single crystals of 
LiGa5O8:Co2+ have been investigated. The hole-burning efficiency is higher and spectral diffusion is more 
pronounced in the nanocrystalline sample in comparison with the single crystal. The results support the idea that the 
hole-burning mechanism is based on the presence of Co3+ ions which act as electron traps upon selective 
photoionization of the Co2+ ions. 
Further work, including XANES and XAFS measurements are required to fully quantify the hole-burning 
mechanism. 
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